Introduction
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Rainbow trout, Oncorhynchus mykiss, is an important aquaculture species worldwide 83 and, in addition to being of commercial interest, it is also a model research organism 84 of considerable scientific importance (reviewed by Thorgaard et al. (Thorgaard et al., 85 2002) ). Many genomic resources are available for this species, including extensive 86 classical Expressed Sequenced Tag (EST) repertoires (Rexroad et al., 2003; Govoroun 87 et al., 2006; Koop et al., 2008) ; however, because of the lack of a currently available 88 whole genome sequence in that species, genomic analysis has been inhibited by the 89 limited knowledge of the rainbow trout transcriptome. The recent development of 90 next-generation sequencing (NGS) has been a major technological breakthrough 91 (Metzker, 2010) . This technique provides new opportunities to better characterize 92 gene repertoires, even in non-model species for which a whole genome sequence is 93 unavailable (Crawford et al., 2010; Mizrachi et al., 2010; Fraser et al., 2011) . These 94 NGS technologies are now widely used for transcript expression profiling, and this 95 approach, also referred to as RNA-seq, is progressively replacing classical techniques 96 such as SAGE analysis or DNA microarrays (Costa et al., 2010) . 
171
Digoxigenin-labeled antisense RNA probes were synthesized from a PCR-amplified 172 template (EST clone: BX085208 containing the rainbow trout -enolase sequence) 173 using T3 RNA polymerase. In situ hybridizations were performed on transverse 174 sections of rainbow trout embryos as previously described (Gabillard et al., 2003) , 175 with minor modifications. 176
Bioinformatic analysis of the sequence data
177
The initial sequence set used for this transcriptome assembly was composed of 178 publicly available mRNA sequences from Genbank, Sanger ESTs from dbEST, GS-179
Flx 454 RNA-Seq from SRA (including a complete rainbow trout muscle 454 dataset 180 publicly available under the SRA accession number SRA029716) and the locally 181 produced 454 Titanium RNA-Seq reads that are available under the SRA accession 182 number SRA026493 (Table 1) . The reads were cleaned to remove sequences 183 composed of less than 100 base pairs, polyA tails, and E. coli and yeast contaminating 184 sequences using SeqClean (http://compbio.dfci.harvard.edu/tgi/software/). To ease the 185 assembly process, our next step was to remove redundancy using the cd-hit-est 186 software (Li and Godzik, 2006) . This software discarded those reads that were 187 included in other reads. A threshold of 0.98 was chosen, producing a non-redundant 188 representative read set (parameters -M 30000 -d 0 -n 10 -l 11 -r 1 -p 1 -g 1 -G 1 -c 189 0.98 -aS 0.5 -T 8). The discarded reads were repositioned in the resultant contigs after 190 assembly using the inclusion coordinates. The assembly was performed using TGICL 191 (Pertea et al., 2003) , which first clusters the reads using megablast, given a similaritycontigbrowser.sigenae.org:9090/Oncorhynchus_mykiss/index.html). The e-value 202 thresholds that were used to determine similarities were dependent upon the database 203 that was used; e -10 was used for transcript databases, e -2 was used for species-specific 204 nucleic databases, and e -5 was used for all others. The UniProtKB/Swiss-Prot 205 similarity search was performed using a bi-directional best hit approach to identify 206 putative orthologs, and the resulting annotation character string had a [BBH] tag. 207
Variation detection was also performed using the contigs. The in-house detection 208 script screens the CAP3 alignment files to find substitutions that occur at least twice 209 at a position with a depth of at least 6 sequences and that have no other substitution in 210 a twenty base pair window around this position. All of the resulting files from the 211 assembly, the annotation and the variation detection steps were then reformatted to 212 populate the contig browser database, which was used to show the contig layout, and 213 the BioMart (Haider et al., 2009) 
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Eight non-normalized cDNA libraries were constructed from rainbow trout testis, 223 ovary, brain, and gill tissue samples and were subsequently sequenced in 10 separate 224 half-runs using 454-Titanium (Table 1) . Overall, we produced a total of 3 million 225 good-quality sequences (testis, 1,234,260; ovary, 738,510; brain, 481,363; and gill, 226 613,223) with an average sequence size of 328 bp. Collectively, these sequences 227 constitute more than 1 Gb of expressed sequence information. This raised the total 228 number of expressed sequences that are publicly available for rainbow trout to 4.8 229 millions. In contrast to previous large NGS datasets produced in the rainbow trout 230 (Salem et al., 2010) , our strategy also provided tissue-specific information that was 231 not previously available for this species. All of the acquired sequences were deposited 232 in the NCBI Sequence Read Archive (SRA) and were assembled along with the 233 publicly available rainbow trout sequences. This resulted in a total of 242,187 clusters 234 of putative transcripts (contigs) and 22,373 singletons. These sequences and their 235 assembly can be accessed at the following publicly available web site 236 (http://www.sigenae.org/). This browser is based on an Ensembl architecture 237 (Hubbard et al., 2002; Stabenau et al., 2004) . One can utilize many classical features 238 to browse all of the computed information on each contig and can extract large user-239 specific datasets using the Biomart generic interface (Smedley et al., 2009) . In silico -11 -strategies have often been used to mine sequence databases and discover new genes 241 with a predominant expression pattern in one tissue or a group of tissues (Murray et 242 al., 2007) ; however, the use of such strategies has been restricted to species with large 243 available sequence datasets. In non-model species, this approach has, in contrast, 244 often been limited by the rather low number of sequences available. With the recent 245 advent of NGS, this limitation is no longer critical. Information on many non-model 246 species is now more accessible due to RNA-Seq approaches (Wilhelm and Landry, 247 2009), allowing for the characterization of genes with differential expression patterns 248 (Crawford et al., 2010; Mizrachi et al., 2010; Fraser et al., 2011) . Therefore, we 249 applied this approach to our own dataset to validate its utility. pattern. DDD analysis was subsequently performed using the 454 sequencing data 255 that was obtained from this study. For each tissue of interest (ovary, testis, brain, gill 256 and muscle), we compared the number of reads contained in each of the contigs in the 257 tissue of interest to all of the remaining tissue libraries. Some of these examples are 258 discussed below, and the DDD software is available within the rainbow trout contig 259 browser to allow for further user-specific queries. To confirm that this strategy is 260 effective for the identification of genes that are predominantly expressed in a given 261 tissue, we carried out qPCR validation for 9 genes (see Fig 1 and Tables 2 to 6) . show that, in agreement with existing data from medaka (Oryzias latipes) (Kanamori 272 et al., 2003) , the zpc1, zpc5, and zpax genes are predominantly expressed in the 273 ovaries in the rainbow trout (Table 2) . Similarly, several genes that are known to be 274 specifically or predominantly expressed in rainbow trout oocytes or ovaries were 275 identified. In agreement with existing data on rainbow trout (Bobe et al., 2008) , 276 zygote arrest 1 (zar1) and growth and differentiation factor 9 (gdf9) exhibited a very 277 strict ovarian-predominant profile. Similarly, oocyte cysteine protease inhibitor (ocpi) 278 was dramatically overexpressed in the ovarian libraries, again in agreement with 279 existing data (Bobe and Goetz, 2001) . In addition to these previously documented 280 patterns, which validate our approach, the DDD analysis has led to the identification 281 of many genes that also putatively exhibit predominant or specific ovarian and/or 282 oocyte expression. Interestingly, our data also revealed the predominant expression of 283 several ovarian genes in the rainbow trout that are known to be strongly expressed in 284 the zebrafish (Danio rerio) oocyte, such as bucky ball (Marlow and Mullins, 2008), or 285 in the medaka, such as the transcription factor pou5f1 (Sanchez-Sanchez et al., 2010) 286 ( Fig. 1 and Table 2 ). Furthermore, we have shown the ovarian-predominant 287 expression of wnt11 ( Fig. 1 and Table 2 ). In sexually mature rainbow trout, wnt11 288 mRNA was detected in all assayed tissues. In comparison to skin, which had the -13 -lowest level of wnt11 expression, we observed a 15,000-fold higher expression of 290 wnt11 in post-ovulatory ovaries and a 1,700-fold higher expression in oocytes (Fig.  291   1) . Our results are consistent with previous studies reporting the expression of wnt11 292 in mouse granulosa cells and oocytes (Harwood et al., 2008) . Interestingly, wnt11 is a 293 maternal transcript. Maternal wnt11 mRNA has been shown to accumulate in 294
Xenopus oocytes (Ku and Melton, 1993) , where it plays a role in axis formation in the 295 embryo (Tao et al., 2005) . Together, these results suggest the participation of 296 maternally inherited wnt11 mRNA in teleost early development. The DDD analysis 297 also allowed the identification of novel oocyte-predominant genes in rainbow trout 298 (see Additional File 1). Such genes deserve further attention. 299
The identification of genes that are preferentially expressed in trout testes 300
When performing a DDD analysis of the trout testicular samples, we characterized 301 503 contigs that were only expressed in the testes, with a minimum of 10 reads used 302 as a threshold. In addition, 590 contigs were significantly overexpressed in the testes, 303 with a 10-fold minimum change and a threshold of 10 reads (see additional file 1). As 304 expected, numerous contigs corresponded to transcripts that are known to be 305 preferentially expressed in the testes of several vertebrate species, including the 306 rainbow trout (Rolland et al., 2009) . These transcripts are involved in the sexual 307 differentiation of the male gonad (Sox9a, dmrt1, amh) and in specific testicular 308 functions such as the regulation of germ cell proliferation (amh, gsdf), meiosis (sycp1, 309 sycp2 and sycp3, rec8, dazl, vasa, tudor1), and spermiogenesis (Dynein intermediate 310 chain 1, microtubule associated protein 6). These observations illustrate the reliability 311 of the DDD method in the analysis of the 454 sequencing data. Interestingly, our 312 analysis revealed several transcripts that were unexpectedly overexpressed in trout 313 testes. For instance, one contig sequence encodes the trout counterpart of thetrophoblast cells (Vargas et al., 2009) . Moreover, the transposition of active mobile 332 elements in the vicinity of any gene can modulate gene expression, and it has been 333 proposed that these events may participate in the epigenetic regulation of genes in 334 somatic cells (see (Muotri et al., 2007, Collier and Largaespada, 2007) 
for reviews). 335
In addition, transposition is likely in germ cells, and this could be considered a major 336 source of genetic variation that can be passed on to further generations. (Table 4) . Consistently, the in situ 360 hybridization of -enolase revealed a strong hybridization signal specifically in 361 glycolytic white fast muscle fibers (Fig. 2) . In agreement with existing data, the 362 histone methyl transferase Smyd1 (Tan et al., 2006) -16 -overexpressed in the muscle libraries. In addition, DDD analysis has led to the 365 identification of the genes encoding Ryanodine receptor 1 (RyR1) and calsequestrin, 366 which are known to participate in the formation of a complex that is required for Ca 2+ 367 ion release from the sarcoplasmic reticulum. This is an essential step in muscle 368 contraction (Zhang et al., 1997) . 369 3.2.4 The identification of genes that are preferentially expressed in the brain 370
When performing a DDD analysis with a 10-fold cut-off in the trout brain samples 371 that were taken 40 days post-fertilization, 313 contigs were found to be overabundant 372 in the brain libraries in comparison to the non-brain libraries. In addition, 365 contigs 373 were found at least 10 times in the brain libraries but were never detected in the non-374 brain libraries. At the stage examined, the brain is organized and regionalized, but it is 375 still actively growing. Accordingly, many of the genes that were identified in the 376 brain samples are known to be involved in neurogenesis and/or neuronal 377 differentiation (Table 5) . Some of these genes (glast and fabp7a) are likely to be 378 expressed in the radial glial cells that are the main progenitors at this stage, whereas 379 others are involved in neuronal growth or neuron differentiation (synapsin, 380 neuromodulin, neuritin, and neuroD). Among the genes expected to be strongly 381 expressed in the developing brain is fabp7a, and Brain Lipid Binding Protein (Blbp, 382 see Fig. 1 ). fabp7a, is a member of the fatty acid-binding protein family that was 383 retrieved several times. This finding is of particular interest because, in mice, Blbp is 384 a recognized marker of radial glial cells, which are known to be progenitor cells in the 385 developing mammalian brain (Anthony and Heintz, 2008) . Recently, it was shown 386 that blbp is also expressed in the brains of larval and adult fish (Diotel et al., 2010; 387 Marz et al., 2010) . Ependymin (epd1) is a meningeal-derived extracellular matrix 388 glycoprotein that was also overrepresented in the brain in comparison to other tissues. 
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Real-time PCR analysis was conducted using total RNA from the following tissues: 684 brain, pituitary, gill, heart, stomach, liver, intestine, muscle, skin, spleen, head kidney 685 (HK), trunk kidney (TK), oocyte, post-ovulatory ovary, and stage II testis. For each 686 tissue, three separate RT reactions were carried out using separate RNA samples that 687 originated from three different fish. The relative expression of each gene was 688 normalized to that of the 18S gene and was calculated as the percentage of the highest 689 expression level recorded for each gene. 690 Table 4 -Selected genes that were over-expressed in the muscle libraries.
711
The expression scores (representing the number of reads in the corresponding contig) 712 for the genes discussed within the text are shown for the muscle and non-muscle 713 libraries. Genes with expression profiles that were confirmed by qPCR are identified 714 in the table with an asterisk (*) following the contig name.
